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1. RESPIRATORY DISEASES ARE A LEADING CAUSE OF MORTALITY IN YOUNG CHILDREN {#ppul23963-sec-0002}
==========================================================================

The burden of child mortality is overwhelmingly inflicted on low‐income countries.[1](#ppul23963-bib-0001){ref-type="ref"} There, children die in excess of 20‐fold more than in industrialized nations.[2](#ppul23963-bib-0002){ref-type="ref"} Neonatal deaths (0‐28 days) are frequent, particularly early after birth.[3](#ppul23963-bib-0003){ref-type="ref"}, [4](#ppul23963-bib-0004){ref-type="ref"} And the proportion of deaths in the post‐neonatal period (29‐364 days) is higher than in industrialized countries.[3](#ppul23963-bib-0003){ref-type="ref"} Pneumonia and diarrhea are responsible for most fatalities during post‐neonatal infancy and early childhood.[5](#ppul23963-bib-0005){ref-type="ref"}

In recent decades, conjugate vaccines have been licensed against the main causes of death associated with pneumonia, *Streptococcus pneumoniae* and *Haemophilus influenzae* type B.[6](#ppul23963-bib-0006){ref-type="ref"} As a consequence, the leading pulmonary cause of death in this age group for which no vaccine is available is respiratory syncytial virus (RSV).[7](#ppul23963-bib-0007){ref-type="ref"} A recent systematic review of 329 published and unpublished studies estimated that RSV was responsible for 3.2 (2.7‐3.8) million hospitalizations and up to 118 000 deaths in children under 5 years of age during 2015.[8](#ppul23963-bib-0008){ref-type="ref"}

2. CHALLENGES IN ESTIMATING RSV MORTALITY RATES {#ppul23963-sec-0003}
===============================================

Assessing the burden of RSV mortality is challenging.[9](#ppul23963-bib-0009){ref-type="ref"} First, most deaths caused by RSV in developing countries occur in regions with limited access to viral testing. In fact, even when testing is available, physicians do not prioritize obtaining a nasal swab or nasopharyngeal aspirate in critically ill patients to detect a viral illness with no specific treatment.[10](#ppul23963-bib-0010){ref-type="ref"} Therefore, unless a study is designed to ascertain the role of RSV in life threatening and fatal infections, its burden will be significantly underestimated. Second, hospitals in low‐income regions assay respiratory samples for RSV using rapid detection techniques, most often direct immunofluorescence assays.[8](#ppul23963-bib-0008){ref-type="ref"} These assays rely heavily on the individual expertise of the laboratory staff, and consequently vary in sensitivity and specificity.[8](#ppul23963-bib-0008){ref-type="ref"} In 2011, using RT‐PCR as gold standard, we surveyed hospital immunofluorescence reports for RSV in twelve hospitals of a low‐income region in Argentina and found sites with sensitivities as low as 22% and others with high rates of false positives (FPP, unpublished information). Third, using flu criteria as a surrogate for diagnosis of RSV in infants is hampered by the absence of fever in half of RSV cases.[11](#ppul23963-bib-0011){ref-type="ref"} Moreover, attributing all fatalities with a clinical diagnosis of bronchiolitis to RSV is also troublesome. Symptoms of bronchiolitis can be elicited by a variety of viruses that co‐exist during the respiratory season and their individual case fatality ratios (CFR) remain unclear.[8](#ppul23963-bib-0008){ref-type="ref"}, [10](#ppul23963-bib-0010){ref-type="ref"}, [12](#ppul23963-bib-0012){ref-type="ref"}, [13](#ppul23963-bib-0013){ref-type="ref"} RSV is a more frequent cause of severe LRTI in children than other respiratory pathogens, often detected in 50‐70% of hospitalizations, but it also may be less lethal.[10](#ppul23963-bib-0010){ref-type="ref"}, [13](#ppul23963-bib-0013){ref-type="ref"}, [14](#ppul23963-bib-0014){ref-type="ref"} In addition, fatalities associated with RSV often follow the virus\' seasonal peak by weeks, as secondary bacterial infections appear to play an important role in the process.[13](#ppul23963-bib-0013){ref-type="ref"}, [15](#ppul23963-bib-0015){ref-type="ref"}, [16](#ppul23963-bib-0016){ref-type="ref"} In fact, peak pneumococcal mortality is closely linked to and can temporally follow RSV activity.[16](#ppul23963-bib-0016){ref-type="ref"} Therefore, focusing on viral symptoms to define mortality rates may be misleading. Fourth, infants can die at home from or with an undetected RSV LRTI.[9](#ppul23963-bib-0009){ref-type="ref"} Home deaths occur in clinically frail infants with sick lungs or simply in those exhausted due to lack of medical care or oxygen supplementation. In many developing countries, the number of home deaths during the respiratory season significantly exceeds the number of hospital deaths.[13](#ppul23963-bib-0013){ref-type="ref"} Finally, pathogens detected in the upper respiratory tract of deceased infants may not necessarily match those identified in the lungs, where more than one pathogen is routinely detected by molecular techniques during autopsies.[9](#ppul23963-bib-0009){ref-type="ref"} Hence, cause of death attribution is complex and often dependent on criteria pre‐defined by investigators.

3. MORTALITY DUE TO RSV IN INDUSTRIALIZED COUNTRIES {#ppul23963-sec-0004}
===================================================

Deaths attributable to RSV in industrialized countries are infrequent and occur in children with premorbid conditions. Case fatality ratio meta‐estimates for 2015 in infants 0‐5 and 6‐11 months of age were 0.2 (0.0‐12.8) and 0.9 (0.2‐4.0), respectively, in high income countries.[8](#ppul23963-bib-0008){ref-type="ref"} A U.S. study queried large administrative databases using data coded from inpatient encounters to update decades‐old mortality estimates and explore conditions associated with fatal outcomes.[17](#ppul23963-bib-0017){ref-type="ref"} Deaths were infrequent, occurring in 3‐4/10 000 admissions in those with a primary diagnosis of RSV. The mean annual national mortality estimate due to RSV was 56‐121 deaths at a mean age of 6.2‐7.5 months. Fatalities associated with complex chronic conditions in 76‐79% of cases. The most frequent comorbidities were cardiovascular (37‐45%), neuromuscular (20‐26%), respiratory (19‐21%), and genetic or congenital (13‐19%). More than one condition was present in 37‐39% of patients.[17](#ppul23963-bib-0017){ref-type="ref"}

Recently, a retrospective study recovered risk factors for mortality in 358 children from 23 countries across the world (68% from upper middle income and high‐income countries) and confirmed the influence of comorbid conditions in fatalities from industrialized nations (70% vs 28% reported in low or lower‐middle income countries).[18](#ppul23963-bib-0018){ref-type="ref"} The most frequent comorbid condition was congenital heart disease (CHD). The mean age of death was slightly younger in the developing world (4 vs 7 months in industrialized countries). Mean time between onset of symptoms and admission ranged from 5 days in low income to 3 days in higher‐middle and high‐income countries, but less than 50% of families contacted a physician before hospitalization.[18](#ppul23963-bib-0018){ref-type="ref"}

Other children suffering chronic diseases that can experience severe RSV infections are transplant patients.[19](#ppul23963-bib-0019){ref-type="ref"}, [20](#ppul23963-bib-0020){ref-type="ref"}, [21](#ppul23963-bib-0021){ref-type="ref"} While RSV‐attributable CFR are typically \<10% in immunocompromised children, these numbers are higher in transplant patients. RSV CFR reported in children experiencing bone marrow transplants due to hematological malignancies and solid organ recipients are as high as 19% and 40%, respectively.[19](#ppul23963-bib-0019){ref-type="ref"}, [20](#ppul23963-bib-0020){ref-type="ref"}, [21](#ppul23963-bib-0021){ref-type="ref"}

4. IN‐HOSPITAL MORTALITY DUE TO RSV IN DEVELOPING COUNTRIES {#ppul23963-sec-0005}
===========================================================

The disparities in RSV mortality rates between countries and regions of different socioeconomic status are striking. CFR meta‐estimates for 2015 in infants 0‐5 and 6‐11 months of age in developing countries were 2.2 (1.8‐2.7) and 2.4 (1.9‐3.2), respectively.[8](#ppul23963-bib-0008){ref-type="ref"} A second meta‐analysis identified the highest case fatality rates in Kenya, Morocco, South Africa, and Mozambique.[22](#ppul23963-bib-0022){ref-type="ref"}

RSV mortality in the developing world underscores the serious structural problems in public health services that govern the fate of many children worldwide.[8](#ppul23963-bib-0008){ref-type="ref"}, [13](#ppul23963-bib-0013){ref-type="ref"} After all, why would otherwise an ailment not treated by specific medication kill children so asymmetrically? Answers highlight a critical problem often faced by families living in poverty: the limited specific expertise of those caring for acute medical emergencies in infants and young children[13](#ppul23963-bib-0013){ref-type="ref"}.

In contrast to data from industrialized countries, a recent study in socially vulnerable infants in Argentina showed RSV LRTI to be the leading cause of post‐neonatal infant mortality.[13](#ppul23963-bib-0013){ref-type="ref"} The CFR for infants due to RSV was 0.90% (95%CI, 0.44‐1.35) compared to 1.49% (95%CI 0.51‐2.47) for non‐RSV LRTI. However, because of its high hospitalization rates, RSV was responsible for 50% neonatal and 54% post‐neonatal infant deaths presenting with LRTI.

RSV deaths primarily occurred in previously healthy term infants in association with bacterial sepsis and clinically significant pneumothoraxes. The frequency of pneumothorax in hospitalized infants with fatal RSV LRTI (40%) grossly outnumbered rates in intensive care units in industrialized countries.[13](#ppul23963-bib-0013){ref-type="ref"}, [23](#ppul23963-bib-0023){ref-type="ref"} Mechanical ventilation in RSV‐infected patients with segmental atelectasis and lung hyperinflation may require high volumes to overcome hypercapnia, increasing the risk of air leaks.[24](#ppul23963-bib-0024){ref-type="ref"} As infants from low‐income countries progressively access these potentially lifesaving technologies, expert training of health care personnel will be critical to prevent excess mortality.

In addition, *Staphylococcus aureus* and *S. pneumoniae* sepsis played a pivotal role in RSV‐related mortality. In fact, a study of lung sections from children younger than age 2 years who died with pneumonia in Mexico detected RSV in 30% of 98 subjects between 1989 and 1997.[25](#ppul23963-bib-0025){ref-type="ref"} RSV causes functional changes in respiratory epithelial cells facilitating adherence and invasion of bacteria.[26](#ppul23963-bib-0026){ref-type="ref"} Therefore, higher nasopharyngeal carriage rates of bacteria in infants from developing countries may contribute to excess invasive disease.[16](#ppul23963-bib-0016){ref-type="ref"} Only 10% RSV deaths in the Argentinean study did not have sepsis and/or a pneumothorax.[13](#ppul23963-bib-0013){ref-type="ref"} The role of age and typical risk factors for severe LRTI was less ostensible, but CHD, neurological illness, and Down\'s syndrome associated with poor outcomes.[13](#ppul23963-bib-0013){ref-type="ref"}

5. COMMUNITY DEATHS DUE TO RSV IN DEVELOPING COUNTRIES {#ppul23963-sec-0006}
======================================================

Every year, many children in the developing world die at home from RSV LRTI.[8](#ppul23963-bib-0008){ref-type="ref"}, [9](#ppul23963-bib-0009){ref-type="ref"}, [13](#ppul23963-bib-0013){ref-type="ref"} Worldwide estimates are difficult due to the scarcity of data, but a recent systematic review calculated home deaths at 49.6% of 118 200 RSV‐attributable fatalities in 2015.[8](#ppul23963-bib-0008){ref-type="ref"} In Buenos Aires, Argentina, and Lombok, Indonesia pediatric community deaths were surveyed and shown to peak during the RSV season.[13](#ppul23963-bib-0013){ref-type="ref"}, [27](#ppul23963-bib-0027){ref-type="ref"} In addition to the seasonal overlap, age distribution for infant community deaths‐reported for Buenos Aires‐ paralleled that observed in infants hospitalized due to RSV LRTI.[13](#ppul23963-bib-0013){ref-type="ref"}

However, co‐factors contributing to home death in children infected with RSV may differ significantly from those observed at the hospital.[13](#ppul23963-bib-0013){ref-type="ref"}, [28](#ppul23963-bib-0028){ref-type="ref"} Some cases may affect children with pre‐existent lung ailments. For instance, evidence of chronic bronchitis due to regular exposure to airborne pollutants and smoke appear to be important in our population. Other infants appear to die "silent deaths," exhausted from battling indolent respiratory distress due to lack of medical care and/or oxygen supplementation in overcrowded homes.

6. CONCLUSIONS {#ppul23963-sec-0007}
==============

In summary, RSV is an "opportunistic" killer. It needs a synergistic co‐morbid,[17](#ppul23963-bib-0017){ref-type="ref"}, [18](#ppul23963-bib-0018){ref-type="ref"} medical practice‐related,[13](#ppul23963-bib-0013){ref-type="ref"} infectious,[13](#ppul23963-bib-0013){ref-type="ref"}, [16](#ppul23963-bib-0016){ref-type="ref"} or social[8](#ppul23963-bib-0008){ref-type="ref"}, [9](#ppul23963-bib-0009){ref-type="ref"} factor to cause a fatal outcome. Infrequent deaths in industrialized countries associate with complex comorbidities ranging from chronic lung and heart disease to transplants.[17](#ppul23963-bib-0017){ref-type="ref"}, [19](#ppul23963-bib-0019){ref-type="ref"} In developing country hospitals, suboptimal medical care during emergencies and secondary bacterial infections can lead to poor outcomes.[13](#ppul23963-bib-0013){ref-type="ref"}, [16](#ppul23963-bib-0016){ref-type="ref"}, [25](#ppul23963-bib-0025){ref-type="ref"}, [27](#ppul23963-bib-0027){ref-type="ref"} And hazardous environmental exposures and social handicaps may team up to weaken the lung and/or delay medical care, converting a routine viral infection at home into a lethal ailment.

7. THE FUTURE {#ppul23963-sec-0008}
=============

These are exciting times to participate in the global effort against RSV. A better understanding of viral structure and protective epitopes is sophisticating approaches to prevention against the pathogen.[29](#ppul23963-bib-0029){ref-type="ref"}, [30](#ppul23963-bib-0030){ref-type="ref"}, [31](#ppul23963-bib-0031){ref-type="ref"} Several candidate vaccines for maternal or infant immunization and passive protection strategies for neonates and infants are undergoing clinical evaluation.[32](#ppul23963-bib-0032){ref-type="ref"} Novel antiviral strategies are being studied in hospitalized patients.[33](#ppul23963-bib-0033){ref-type="ref"} Numerous multicenter collaborations advance to clarify the role of the pathogen in long term morbidity (ie,: asthma) and infant mortality.[8](#ppul23963-bib-0008){ref-type="ref"}, [9](#ppul23963-bib-0009){ref-type="ref"}, [34](#ppul23963-bib-0034){ref-type="ref"}, [35](#ppul23963-bib-0035){ref-type="ref"} Recent reports are describing the consequences of infection in pregnant women.[3](#ppul23963-bib-0003){ref-type="ref"}, [36](#ppul23963-bib-0036){ref-type="ref"} Recently, Shi et al[8](#ppul23963-bib-0008){ref-type="ref"} estimated that a successful maternal or newborn immunization strategy, with 80% protection and near universal coverage, could prevent 22 000 RSV‐associated fatalities a year.

However, challenges remain to improve intensive care practices and identify additional strategies to decrease the burden of secondary bacterial infections. Also, a better estimate of the true burden of RSV in community deaths is necessary. Recent efforts to incorporate a novel strategy, minimally invasive sampling of tissue (MITS) for histopathology, immunohistochemistry, and molecular studies, coupled with verbal autopsies and PCR detection of the virus in nasopharyngeal secretions should improve our understanding of the problem.[9](#ppul23963-bib-0009){ref-type="ref"} In addition, respiratory virus surveillance will be critical after licensure of vaccines or antibodies to gauge their impact and monitor potential viral replacement, if RSV is cornered by these products.[37](#ppul23963-bib-0037){ref-type="ref"} The emergence of antiviral drugs against respiratory pathogens in coming years may further encourage testing.[38](#ppul23963-bib-0038){ref-type="ref"}, [39](#ppul23963-bib-0039){ref-type="ref"}

We are witnessing rapid advances in our understanding of RSV and its consequences. It seems reasonable to predict that the landscape of severe respiratory infections will look different in the next decade.
